Abstract. IEEE802.16 (WiMAX) is a wireless metropolitan area network standard with high transmission speed and great coverage. Point to multi-point (PMP) is the traditional WiMAX transmission mode. Wireless mesh network (WMN) is an attractive and useful structure which is suggested to be adopted in WiMAX. A smart WiMAX structure with mesh is proposed in our paper, which supports direct data transmission between SSs (subscribe stations) with the control of the BS if possible. This mesh model is easy to achieve, and could improve the system performance such as throughput and propagation delay. With the help of the BS, several key problems in pure wireless mesh network are satisfactorily solved, such as coexistence, interference and billing. Simulation results are presented in this article to show the enhancement gain of the system performance by the smart model. The idea of virtual cell is put forward to benefit analysis, and the performance with AMC scheme is considered too. More concrete descriptions and explanations are given in the article.
Introduction
Wireless mesh network, also known as ad hoc network, has become a significant technique for the next generation wireless networks. WMN is a self-organizing multi-hop system formed by user nodes,it can connect and communicate with other user nodes directly without pre-existing infrastructure. WMN provides a reliable and flexible system that can be quick-and-easy extended to thousands of devices. The signature of WMN is that each node acts as a relayed point for other nodes instead of being organized by a centralized control device. It has the reconstructive ability to fit the change of environments and the failure of some nodes. In addition, the distance of one-hop is much shorter; the power for transmission can be reduced obviously. Since the nodes in the multi-hop networking use much lower power to communicate with the neighboring nodes, the radio interference between them could be cut down. The channel quality and channel utilization efficiency will be greatly enhanced, resulting in higher capacity and better performance of the whole network.
WMN has so many advantages that it has done a good job in the improvement of IEEE802.11 network, known as the WiFi mesh. Similarly, it has been proposed to be The name and the description of MAC Management messages for mesh network are given in IEEE802.16 standard, further work needs to be carried out to customize the specific application.
System Model
In order to achieve links characterized by high performances, the IEEE Standard Obviously, the scheduling idea we propose is simple to achieve and has a great system throughput enhancement. Through the control of a base station, cooperation shortcomings brought by DS mesh could be overcome, and the channel resources could be utilized more effectively. As a communication transfer and control center, the BS plays a very important role-key to the overall optimization. The main consideration in this issue is the system performance optimization within the coverage of one base station cell, and the cooperation between BSs to establish a mesh link needs pending further study.
The scheduling mode can be simplified as is shown in the following fig. 2 when only one cellular area is considered. Within the scope of a cell, we allow more than one direct data transmission between SSs at the same time on condition that there is no interference. The system throughput could be much more improved since more than one mesh links work at one time.
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Generally, the base station transmitter power (TPBS) is from 30dBw to more than 43dBw, and we choose 38dBw as the typical value. The transmitting power of the SS (TPSS) is from less than 10dBw to 33dBw (excessive estimate), and 28dBw is chosen as the typical value. Since we assume that the reception terminals and the channel path-loss models are the same, the transmission distance is just determined by the transmitting power at the same bit rates. According to the discussion, formula (1) comes up to formula (2) as following:
Using the assumed transmitter power of BS and SS, the typical D/R can be calculated 0.52. The more reasonable range of D/R can be assumed from 0.3 to 0.7.
Basing on the proposed scheduling idea, the average throughput will be increasing while the value of D/R increase.
A strongpoint in the model proposed is that there will be several direct non-interference transmission links in a cell when the threshold for mesh communicating D is suitable. A strongpoint in the model proposed is that there will be several non-interference direct transmission links in a cell when D is suitable. The coexisting restrictions of the direct transmission links should be discussed, since the scenario will bring more systematic throughput enhancements.
In the pure wireless mesh network, there are many solutions and schemes suggested to deal with the coexistence of several direct transmission links [2] ~ [3] . A two-link coexisting condition will be discussed here to seek the detailed restriction shown in fig.   4 .
Fig. 4. Two coexistence links scenario
Basing on the power control, the adaptive modulation and coding (AMC) scheme adopted in the direct data transmission, virtual cells can be used to describe the scope of different bit rates and interference as shown in fig. 5 . parameters are used to describe the application range. We assume that the QPSK transmission scope is r, the 64QAM scope is c1*r, and the 16QAM scope is c2*r.
These adjustable parameters are set by the different wireless communication systems, and the typical value is given as follows: r=1000m, c1=0.3, c2=0.6. Interference between different transmission links is also considered, and virtual cell is also adopted to described the interference range c3*r. According to the large-scale transmission path-loss model, the signal to interference ratio (SIR) is more than 9dB if the jamming 2 times the effective transmission distance away. In this condition the two links will coexist with the help of power control scheme as mentioned above, and the typical value of c3 will be 2~3.
Essentially, the above-mentioned parameters are affected by the parameter r and three adjustable factors: c1, c2, c3. For different transmission equipments as BS and SS, the factors will be different as a result of the different equipment performances, transmissions and channel models. The factors are inconstant due to the various wireless communication systems. However, the three factors are of universal significance, and they will be determined when the equipment's performance is confirmed.
Two link coexisting can be regarded as this concretion: SS1 sends message to SS2
and SS3 sends message to SS4 simultaniously. The restrictions are: SS2 is in the effective transmission distance of SS1, SS2 is out of the interference scope of SS3; SS4 is the same as SS2 simply exchanging the positions of SS1 and SS3. The restrictions can be more intelligible and calculable by virtue of distance express as the following formula:
The coexistence restrictions of several links are in accordance with the previous conclusions, which makes sense in the coming simulation works. Take three-link coexistence as an example, the restrictions are:
Performance Evaluation
In this section we analyze the performance of the proposed network.
Throughput Enhancement in Mesh Mode
In the following simulations: T is the total simulation time. Tmax is the maximum 
Throughput Enhancement with AMC
Throughput enhancement with AMC is discussed in the following simulation. With the adaptive modulation and coding scheme that are defined in IEEE802.16e specification, the neighboring SSs of shorter distance could achieve higher data rate, which will lead to more throughput enhancement. The parameters of the virtual cell need to be confirmed to support the simulation:
In the traditional WiMAX, the SS will work on different modulation ranks of 64QAM, 16QAM and QPSK when the distance between SS and BS is 0.3R, 0.6R and R. In the virtual cell of the BS, rate1=c1=0.3, rate2=c2=0.6.
In the WiMAX mesh mode, the SS will work on different modulation ranks of 64QAM, 16QAM and QPSK when the distance between a pair of SSs is 0.3D, 0.6D and D. In the virtual cell of the SS, rate3=c1=0.3, rate4=c2=0.6.
Rate1~4 are parameters in the simulation, they are set in a certain system. Fig. 10 gives the throughput comparison with AMC, which will be increased by nearly 40% in a cell while the AMC scheme gains 20% throughput enhancement. The virtual cell parameters change in different systems, since the SSs are more likely to communicate in high modulation ranks, the virtual cell parameters of the SS may be set as rate3=c1=0.6, rate4=c2=0.9. This adjustment will bring changes in system performance as is shown in fig. 11 , throughput enhancements therefore directly link and are more likely to work in high transmission speed. WiMAX with mesh and AMC D/R=0.6 T=1000; tmax=100; rate1=0.3; rate2=0.6; rate3=0.6; rate4=0.9; 
Performance Enhancement with Power Control to Enable Coexistence
The system's overall performance increase is concerned with power control techniques, which enables the coexistence of direct transmission links. For link coexistence scenario, if the threshold for mesh communicating D decreases, there will be more direct links work in one channel. However, it can be seen from the cumulative distribution curve of d/R that decreased D means the probability of direct link is decreasing. Fig. 12 shows that the probabilities of two direct links arrive at one time. 
Conclusion and Further Work
The structure referred in the article is based on the mesh network under the control of the BS according to the characteristics of WiMAX. The greatest advantage of such a structure is the easiness of carrying out and taking substantial gains. The communications in the cell are scheduled by the BS; FIFO (First In First Out) mode is adopted to enable best delay performance. Compared with pure mesh network without the control of BS, the system resources are more effectively used, the coexisting restrictions and management problems are no more hard to deal with. For a single link, direct data transmission without being transmitted through BS means shorter transmission delay. Further more, the distance between SSs is suitable for high level modulation, which increases the transmission speed. The link throughput could enhance 2+ times when the pair of SSs transmits data directly. When the threshold for mesh communicating D increases, more pairs of SSs could communicate directly, and this leads to more enhancements in system throughput. AMC technology proposed to be adopted in the WiMAX standards improves the system performance visibly, and it also plays a good role in the mesh model. The virtual cell is a good tool for the analysis and description of the AMC scope, and it also helps solving interference problems in the coexistence of several links.
Simulation results are given to confirm the architecture advantages; they also give constructive comments on the system parameters design. The enhanced designs for direct communication capabilities between SSs can support the proposed architecture, and it's the future trend of the development of distributed communication systems.
From the emergence of the concept, wireless mesh network has achieved good results in both theory and practice. However, as evolved over from the traditional computer networks, WMN has several inevitable shortages in telecommunication business. The structure proposed combines the advantages of WiMAX and WMN, and is very simple to achieve. The service quality is well defined in WiMAX, which brings reliable telecommunication applications. The transmission delay of individual business could be reduced using mesh, and the average system throughput also enhances much.
The combination of WiMAX and WMN achieves remarkable improvements in system performance, too.
In this article, we focus on the network structure, the working model and system performances. In-depth research needs to be carried out in specific business QoS In all, our smart structure combines the advantages of two advanced technologies, and is highly feasible. The scheduling optimizing could be highly targeted to adapt well to the future telecommunications development.
